INTRODUCTION
Although many useful drugs have been identified in the treatment of ulcers, these drugs are often accompanied with undesirable side effects such as drowsiness, muscular pain, diarrhea, fatigue and headache.
1 Watermelon (Citrullus lana-tus, a Latin word meaning wooly, describes the tiny hairs present on the stems and leaves of the plant. 2 Watermelon has been cultivated in Africa for over 4,000
years. 3 It is a very rich natural source of lycopene; an antioxidant with potential health benefits. 4, 5 It also belongs to the family of Cucurbitacea plants which are known to possess bioactive compounds like alkaloids, triterpenes, sterols and cucurbitacin. 6 The various parts of watermelon have beneficial values and these include the rind and seeds. The rind which is the thick smooth exterior part of the fruit has been reported to be prescribed in cases of diabetes and alcoholic poisoning. 7 The rind contains alkaloids, saponin, cardiac glycosides, flavonoids, phenol, moisture, lipid, protein, fiber, and carbohydrates. 8 In a recent report from our center, we described the possible ameliorative effects of the methanolic extract of the rind of Citrullus lanatus on semen parameters and reproductive hormones following lead acetate induced toxicity in male wistar rats. 9 Plant based medicines are now considered as better alternatives to control and treatment of various diseases; because of safety considerations since they have minimal side effects likely due to the presence of naturally occurring ingredients. 10 On account of these, the present study attempted to evaluate the methanolic extract of the rind of Citrullus lanatus for possible benefit in indomethacin induced gastric ulceration using male Wistar rats as models.
METHODOLOGY

Plant material and preparation of extracts
Fresh plant and fruits of watermelon were obtained from a local market in Rivers State, Nigeria. The fruits were identified and authenticated by Dr. C Ekeke of the Department of Plant Science and Biotechnology, University of Port Harcourt, Nigeria. Herbarium number: UPH/V/1214 was assigned and voucher specimens deposited. The rinds were peeled off from the whole fruit washed thoroughly, sun-dried and milled into a fine powder. 
Determination of Median Lethal Dose (LD 50 )
Acute toxicity study (LD 50 ) was determined using the method described by Lorke 1989. 13 The (LD 50 ) of the extract was found to be greater than 2000mg/kg body weight.
Experimental design
Thirty male Wistar rats were used for this study. The rats were aged 8 to10 weeks and weighed between 170 and 200g. They were randomly divided into five groups: Groups 1 to 5 consisting of 6 rats each. Rats in each group were numbered 1 to 6 and placed in separate cages in the Animal House of Madonna University, Nigeria under natural day and night cycles. The rats had free access to normal rat chow and tap water ad libitum. They were allowed two weeks of acclimatization to their environment and subsequently treated as follows:
Group 1: Control group; rats in this group were given 2ml/kg body weight of extract vehicle.
Group 2:
Low dose extract group; rats in this group were treated with 100mg/ kg body weight of the extract of the rind of Citrullus lanatus.
Group 3:
Medium dose extract group; rats in this group were treated with 200mg/kg body weight of the extract of the rind of Citrullus lanatus.
Group 4:
High dose extract group; rats in this group were treated with 500mg/ kg body weight of the extract of the rind of Citrullus lanatus.
Group 5:
Positive control group; rats in this group were given 200mg/kg body weight of Cimetidine.
The extract of the rind of Citrullus lanatus, cimetidine and extract vehicles were administered to the rats daily, using an oral cannula. All the rats were treated for a total of 21 days.
Induction of gastric ulceration
After 21 days of treatment, the rats were fasted for 24 hours following which gastric ulceration was induced by oral administration of 40mg/kg body weight of indomethacin.
Determination of gastric juice volume, gastric acid secretion, and ulcer index
This was performed as earlier described by Heeba et. al., 2009. 14 Four hours after the induction of gastric ulcer, the rats were killed by cervical dislocation, the abdomen was opened to remove the stomach, and gastric contents was collected to determine the gastric juice volume. Five milliliters of distilled water was add-ed to the gastric juice and the resultant solution was centrifuged at 3,000 rpm for 10 minutes. Gastric juice acid concentration in mEq/L was determined in the supernatant volume by titration to pH 7 with 0.0025 N of sodium hydroxide.
After removal of gastric content from the stomach, the stomach was pinned onto a soft board. Scoring of ulcer was subsequently done as follows: 1 = erosions of 1mm or less in diameter; 2 = erosions of between 1 to 2mm in diameter; 3 =ero-sions greater than 2mm in diameter. The overall scores were divided by a factor of 10 and the result obtained designated as the ulcer index. 15 The percentage of ulcer inhibition was also calculated as follows:
Percent ulcer inhibition = (Mean ulcer index of control-Mean ulcer index of test) x 100
Mean ulcer index of control
Gastric histology
Portions of the stomach of all rats were carefully obtained and fixed in 10% formalin, dehydrated stepwise in graded alcohol, cleared in xylene and then embedded in liquid paraffin. A 5μ thickness paraffin section was cut and stained in hematoxylin and eosin, followed by examination under a light microscope at x200 magnification. The slides obtained were analyzed and then re-analyzed by two different but widely experienced pathologists. Appropriate photomicrographs were subsequently obtained. Typical results for each respective Group are as presented in Plates A to E.
Statistical analysis
The results of this study were expressed as mean and standard error of mean (Mean ± SEM). Significant differences between the groups was assessed using the one-way analysis of variance (ANOVA); followed by the LSD post-hoc test. A p value less than 0.05 was considered statistically significant. Results are as presented in Table 1 and Plates A to E. Plate A is a cross section of the gastric epithelium obtained from Group 1 ulcerated and untreated control rats showing blood stained hemorrhagic ulcers, a disrupted epithelium and blood-stained mucosa.
Plate B. Cross section of gastric epithelium of Group 2 rats (Low dose extract group)
Plate B is a cross section of the gastric epithelium obtained from Group 2 low dose extract treated rats showing severe disintegration of the epithelial cells.
Plate C. Cross section of gastric epithelium of Group 3 rats (Medium dose extract group)
Plate C is a cross section of the gastric epithelium obtained from Group 3 medium dose extract treated rats showing severe erosion of the mucosa layers and evidence of mild ulceration.
Plate D. Cross-section of gastric epithelium of Group 4 rats (High dose extract group)
Plate D is a cross-section of gastric epithelium obtained from Group 4 high dose extract treated rats showing a fairly intact and tightly arranged epithelial cells with slight disruption of the uppermost epithelium of the mucosa.
Plate E. Cross-section of gastric epithelium of Group 5 rats (Cimetidine/positive control group)
Plate E is a cross-section of the gastric epithelium obtained from Group 5 cimetidine treated positive control rats showing minimal disruption of the gastric epithelium and blood stained mucosa.
RESULTS AND DISCUSSION
Effects of the extract of Citrullus lanatus on gastric juice volume, gastric acidity, ulcer index and percentage ulcer inhibition Table 1 shows the effects of the extract the rind of Citrullus lanatus on gastric juice volume, gastric juice acid concentration, mean ulcer index and percentage ulcer inhibition in male Wistar rats in the present study. At doses of 200 and 500 mg/kg body weight the extract significantly reduced gastric juice volume in a dose dependent manner (p<0.05), compared to rats in the control group (Group 1). This effect is similar to that of the administration of cimetidine at a dose of 200mg/kg body weight seen amongst rats in Group 5. Similarly, at all doses administered, the extract significantly reduced gastric juice acid concentration amongst Groups 2, 3 and 4 rats (p<0.05), an effect comparable to that of cimetidine at a dose of 200mg/kg body weight. Furthermore, at all doses administered, the extract significantly reduced the mean ulcer index in a dose dependent manner (p<0.05) compared to rats in the control group (Group 1). This effect of the extract was observed to be also similar to those induced by the administration of cimetidine at a dose of 200mg/kg body weight amongst Group 5 rats. At all doses, administration of the extract caused a significant increase in percentage ulcer inhibition in a dose dependent manner (p<0.05), similar to the effect of cimetidine and comparable to rats in the control group (Group 1).
Histologic changes in the gastric epithelium
Plate A is a cross section of the gastric epithelium obtained from Group 1 ulcerated and untreated (control) rats showing blood stained hemorrhagic ulcers, a disrupted epithelium and blood stained mucosa. Plate B is a cross section of the gastric epithelium obtained from Group 2 low dose extract treated rats showing severe disintegration of the epithelial cells. Plate C is a cross section of the gastric epithelium obtained from Group 3 medium dose extract treated rats showing severe erosion of the mucosa layers and evidence of mild ulceration. Plate D is a cross-section of gastric epithelium obtained from Group 4 high dose extract treated rats showing a fairly intact and tightly arranged epithelial cells with slight disruption of the uppermost epithelium of the mucosa. Plate E is a cross-section of the gastric epithelium obtained from Group 5 cimetidine treated positive control rats showing minimal disruption of the gastric epithelium and blood stained mucosa.
The present study attempted to determine the possible beneficial effects of the extract of the rind of Citrullus lanatus against indomethacin induced ulceration of the gastric mucosa in male Wistar rats. The results obtained indicating a reduction in gastric juice volume, gastric juice acid concentration and mean ulcer index and an increase in percent ulcer inhibition, clearly suggest that the extract of Citrullus lanatus apparently protected the gastric mucosa against indomethacin induced ulceration in a dose dependent manner; comparable to the effect of cimetidine a known histamine (H 2 ) receptor antagonist used commonly in the management of peptic ulcer disease. The possible active ingredients in the rind of Citrullus lanatus responsible for its protective effects are at present uncertain. However, phytochemical screening has revealed the presence of tannins and flavonoids amongst other constituents. 8 These compounds have been shown to have a contributory role in ameliorating the development of peptic ulcers: tannins are known to 'tar' the outermost layer of the gastric mucosa rendering it less permeable and more resistant to chemical and mechanical injury or irritation. 16 It is possible that flavonoids present in the rind of Citrullus lanatus may also play a role in this regard: flavonoids possess antioxidant properties in addition to strengthening the mucosal defense system through stimulation of gastric mucus secretion. 17 The findings of this study also suggest that watermelon rind causes a significant reduction in gastric acid secretion. When compared with the control group, all treatment groups exhibited a decrease in gastric acid output. The results also suggest that watermelon rind inhibits gastric acid secretion in a dose dependent manner. It has been earlier reported that nitric oxide inhibits gastric acid secretion in rats. 18 Watermelon rind is an edible source of citrulline; a compound vital for the production of nitric oxide. Watermelon consumption increases the level of citrulline significantly. 19 It is therefore safe to propose that one of the possible mechanisms by which watermelon rind causes a decrease in gastric acid secretion is by increasing citrulline levels thereby stimulating an increase in nitric oxide production. This will lead to a decrease in gastric acid secretion as confirmed by previous reports 20, 21 which in turn accounts, at least in part, for the observed gastro-protective effects of watermelon rind in indomethacin-induced gastric ulceration described in the present study. It is also pertinent to state that other mechanisms of gastric mucosal protection such as increase in mucus secretion, stimulation of prostaglandins release, increase in mucosal blood flow etc., could also be potentially involved in the anti-ulcerative actions of watermelon rind. However, these effects were not investigated in the present study. The histological changes described in the present study are fairly consistent with findings on gastric juice volume, gastric juice acid concentration, gastric ulcer index, and percentage ulcer inhibition as presented in Table 1 .
In conclusion, the results of the present study show that the methanolic extract of the rind of Citrullus lanatus reduces gastric juice volume, gastric juice acid concentration, mean ulcer index and increases percentage ulcer inhibition following indomethacin induced gastric ulceration in male Wistar rats; these findings along with the histological changes described suggests a possible beneficial and potential gastric protective and anti-ulcer effects of the extract. The results indicate a possible beneficial effect of the rind of Citrullus lanatus and perhaps a therapeutic potential in the management of peptic ulcer disease. We therefore recommend further studies in this regard.
